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It is argued that the widely accepted quantum electroweak theory which was established
in the so-called Rξ-gauge can not be viewed as perfect because the unphysical degrees of freedom
appearing in the theory are not completely eliminated by the introduced gauge conditions. In
this paper, the quantization is performed based on the Lagrangian given in the so-called unitary
gauge in which the unphysica Goldstone fields disappear. However, in such a Lagrangian still
exist unphysical longitudinal components of the gauge fields which may precisely be removed by
introducing the Lorentz gauge condition. In this way, the correct quautum theory of the electroweak
interaction model can be built up by the Faddeev-Popov approach of quantization in the framework
of SU(2)×U(1) gauge symmetry.
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The quantization of the SU(2)U(1) electroweak theory[1−3] was commonly considered to be perfectly performed
in the so-called R-gauge[4;5]. In this quantization, one started from the SU(2)U(1) gauge-symmetric Lagrangian
which includes the Goldstone elds in it. For one generation of leptons ( For simplicity of statement, here we only
take one generation of leptons for discussion), the Lagrangian is[4;5]
L = Lg + Lf + L (1)
where Lg;Lf and L are the parts of the Lagrangian for the gauge elds, the leptons and the scalar elds respectively.







F a = @A
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and
B = @B − @B (4)
Aa and B are respectively the SU(2)T gauge elds and the U(1)Y gauge eld.








is the doublet formed by a left-handed neutrino L and a left-handed lepton ll, lR is the singlet of a right-handed
lepton and







is the covariant derivative in which 
a
2 ( = 1; 2; 3) and
Y
2 are the generators of SU(2)T and U(1)Y groups.











is the doublet of complex scalar elds in which G1; G2 and G0 are the Goldstone elds, H is the Higgs eld and v
stands for the vacuum expectation value of the scalar eld which means that the spontaneous symmetry breaking
mechanism is taken in the theory.
It is widely recognized[5−7] that the Lagrangian shown above contains unphysical degrees of freedom which are
the (four-dimensional) longitudinal components of the gauge elds and the Goldstone elds. Therefore, in the whole
space spanned by the gauge elds Aa and B as well as the scalar elds , the electroweak interaction system is a
constrained system. According to the general principle of building up a correct quantum theory for a constrained
system[8], the unphysical degrees of freedom appearing in the theory must be eliminated by introducing necessary and

















is the doublet of the chosen vacuum state. At rst glance, it seems that these conditions make the longitudinal
components of the gauge elds and the Goldstone elds to be cancelled with each other. However, the situation is
not so. For example, in the Landau gauge ( = 0), the above conditions are reduced to the Lorentz gauge conditions
@Ai = 0 (13)
where we have set A0  B and let i = 0; 1; 2; 3. It is well-known that the solutions of above equations are AiL = 0,
implying that the longitudinal elds are indeed eliminated by the conditions in Eq.(13). Nevertheless, these conditions
do not constrain the Goldstone elds. They are still remained in the Lagrangian and play an essential role in the
theory, particularly, in the perturbative calculations. Since the unphysical degrees of freedom in the theory are not
completely removed by the R-gauge condition, the quantum theory set up with this kind of gauge conditions could
not be completely correct, because the existence of the unphysical degrees of freedom in the theory would spoil the
renormalizability of the theory. This subject will be discussed in the subsequent papers.
In order to build up a correct quantum theory of the electroweak interaction model, it is necessary to eliminate
from the theory all the Goldstone elds and the longitudinal components of the gauge elds. It is well-known that a
simple way to remove the Goldstone elds is the use of the Lagrangian given in the so-called unitary gauge which is
obtained from the Lagrangian shown in Eqs.(1)-(9) by the Higgs transformation[2;9]. In the unitary gauge, the scalar









in which the Goldstone elds are absent. Since the Lagrangian in the theory is gauge-invariant, the Lagrangian in
the unitary gauge may simply be written out from the Lagrangian represented in Eqs.(1)-(9) by replacing the scalar
eld  by the 0. It is emphasized that the Lagrangian given in the unitary gauge still contains the unphysical
longitudinal components of the gauge elds in it which may, as stated before, be completely removed by the Lorentz
gauge condition. The necessity of introducing the Lorentz condition in this case may also be seen from the R-
gauge condition. In fact, considering that the conditions in Eqs.(11) and (12) should suit to any eld conguration.
Certainly, it is suitable for the eld conguration given in the unitary gauge. It is easy to verify that
+0 
aV − V +a0 = 0 (15)
+0 V − V +0 = 0 (16)
so that in the unitary gauge, the R-gauge condition will be reduced to the Lorentz gauge condition.
Now we are in a position to perform the quantization of the electroweak theory by using the Lagrangian given in the
unitary gauge and the Lorentz condition denoted in Eq.(13). According to the general procedure of the Faddeev-Popov




D(g)[@(Ai)g] = 1 (17)









where L0(x) denotes the Lagrangian given in the unitary gauge and  stands for the collection of all the eld variables
(l; l; v; v; Aa; B; H) in the Lagrangian. To go further, it should be stressed that the Lagrangian L
0(x) still has the
SU(2)U(1) gauge symmetry, unlike the ordinary concept that the Lagrangian merely has the U(1)Q-symmetry.
For the Lagrangians Lgand Lf , it is clear that they are still SU(2)U(1) gauge symmetric in the unitary gauge.









(gaa − g00)L (20)







ij@ − gijkjAk (23)
In the above, the eigen-equations




abc; if i; j; k = a; b; c = 1; 2; 3;




It should be noted that we adopt here the concept of spontaneous symmetry breakdown, as one did previously
for the quantization in the R-gauge, that the vacuum state shown in Eq.(12) is not set to be gauge-invariant under
the SU(2)U(1) gauge transformations. This vacuum state as well as the 0 shown in Eq.(14) undergo the gauge-
transformation as the same as the original scalar eld  so that the Lagrangian L0 is still of the SU(2)U(1) gauge
symmetry.
Let us make a gauge transformation to the functional in Eq.(18) such that Ai ! (Ai)g
−1
 : Since the Lagrangian
L0(x) is gauge-invariant and the functional F [A] and the integration measure, as already proved in the literature[5];
are also gauge-invariant, the integral over the gauge group, as a constant, may be factored out from the integral over









The functional F [A] in the above which may be evaluated from the identity in Eq.(17) and the gauge-transformation
shown in Eqs.(22) and (23) may be expressed as[10]
F [A] = det M [A] (27)
where M [A] is a matrix whose elements are
M ij(x; y) = @x [D
ij
 (x)
4(x − y)] (28)
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and Ci are the mutually conjugate ghost eld variables, the expression for the -functional which is given










where C[] = ( i2 )
1
2 and introducing the external source terms for all the elds, we obtain from Eq.(26) the








where Ψ and J designate respectively all the elds and external sources including the ghosts and
Leff = L0 − 12 (@
Ai)
2 − @CiDij Cj (32)
is the eective Lagrangian for the system under consideration. In Eq.(31), the limit  ! 0 is implied. This means
that we are limited to work in the Landau gauge. This gauge corresponds to the Lorentz condition shown in Eq.(13).
Since the Lorentz condition is sucient for our purpose of eliminating the longitudinal part of the gauge eld, it is,
actually, unnecessary to extend the Lorentz condition to the form given in general gauges
@Ai + 
i = 0 (33)
where  6= 0 so that AiLu 6= 0:
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where W is the Weinberg angle, the eective Lagrangian will be expressed as





− + W−W+ + Z









− −W−W+)(sin W A + cos W Z) + W+ W− (sin W A + cos W Z)]
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(1 − γ5)l = (j+ )+ (43)
jem = lγl (44)


















ZZ)(H2 + 2vH2)− vH3 − 4H
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2C− + Cz2Cz + Cr2Cr − igf(@C+C− − @C−C+)
(cos W Z + sin W A) + (@ C− W+ − @C
+
W− )(cos W Cz + sin W Cγ) (48)
+(cos W @Cz + sin W @Cr)(C+W− − C−W+ )g (49)
The external source terms in Eq.(31) are dened by
J Ψ = J−W+ + J+ W− + JzZ− + JrA + JH + ll + ll +  +  + +C− + −C+ + C
+
−
+−C+ + zCz + Czz + rCr + Crr (50)
The quantum theory shown above is obviously simpler than the previous theory given in the R-gauge owing to




k2 −M2 + i"
(51)
where  = W; Z0. These propagators show good renormalizability in perturbative calculations. They are also able
to ensure the unitarity of the S-matrix because in calculation of total cross sections, according to the optical theorem
and the Landau-Cutkosky rule[11], we only need to use the imaginary part of the propagators
ImD(k) = (k
2 −M2)(g − kk=M2) (52)
in which except for the physical pole k2 = M2, there is no other unphysical poles to appear.
We would like to note the dierence between the theory set up in this paper and the current theory given in the
R-gauge. In the Landau gauge, the gauge boson propagators derived in the both theories are the same. But, as
mentioned before, the Goldstone particles which are absent in our theory still play an essential role in the current
theory. Our theory is also dierent from the current theory given in the unitary gauge which is usually obtained from
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k2 −M2 + i"
(53)
which are, as one knows, of bad renormalizability in the higher order perturbation[12]. In addition, the ghosts do not
enter the aforementioned unitary gauge theory because they disappear in the limit  ! 1. The ghosts which are
present in our theory arise from the residual gauge degrees of freedom in the space restricted by the Lorentz condition
and their appearance is an essential feature of the non-Abelian gauge eld theory.
In conclusion, the quantum theory of the electroweak interaction model has been correctly built up based on the
Lagrangian given in the unitary gauge and the Lorentz constraint condition by applying the Faddeev-Popov approach.
In the approach of quantization, the gauge-invariance of the Lagrangian is necessary to be used. In the next paper,
the quantization will be carried out in the Hamiltonian path-integral formalism and yields the same result as given
in this paper . In this formalism of quantization, we do not need to concern any gauge transformation and the
gauge-invariance of the Lagrangian used.
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